The present study aimed to evaluate the grain yield adaptability and stability of 20 blackeyed cowpea genotypes under rainfed agriculture in North, Northeastern and Central/Western Brazil. Three parametric methodologies and one non-parametric methodology were used. We found significant differences among genotypes, environments, and interaction between genotypes and environments. The traditional method indicated that the MNC05-832B-230-2-3 line was the most stable but had low grain yield. The linear regression indicated that the California Blackeye-3 and California Blackeye-5 cultivars had wide adaptability and stability. The bi-segmented regression model indicated that the MNC04-783B-7-3 and California Blackeye-3 genotypes exhibited adaptation to favorable and unfavorable environmental conditions, respectively. The non-parametric method characterized the MNC04-783B-7-3 line as the most suitable and stable genotype. Spearman´s rank correlation showed that some methodologies should not be used simultaneously and that others should be used complementary to each other.
INTRODUCTION
Cowpea [Vigna unguiculata (L.) Walp.] is a legume grown and consumed worldwide, but predominately in tropical regions where rainfed agriculture predominates. In Brazil, several grain types of this crop, which exhibit variations in size, shape, color, and tegument texture, are produced and consumed according to different market demands. Among these grain types, the blackeyed pea subclass (fradinho in Portuguese) stands out, and this subclass is characterized by a white, wrinkled tegument with a large black halo (Freire et al., 2012) . This subclass is grown mainly in the states of Sergipe, Bahia and Rio de Janeiro and is currently in a process of expansion in the states of São Paulo and Minas Gerais (Freire et al., 2005) . The Brazilian blackeyed pea (fradinho) is identical to the common blackeyed pea, which is the most grown and marketed blackeyed pea in the United States both as dry and canned beans (Fery, 1990) . In Brazil, the blackeyed grain type has great commercial prospects. However, few blackeyed pea cultivars exist with this type of grain. Therefore, to fulfill this shortage and to release cultivars *Corresponding author. E-mail: hendrienunes@usp.br. Tel: (019) 8385-2473. for the productive sector, an evaluation of genotypes with this type of grain must be performed, including the evaluation of yield, yield adaptability and yield stability in different environments. Many methodologies using one or more parameters have been proposed to explain the behavior of genotypes tested across a range of environments as follows: methodologies based on the variance of the Genotype × Environment (G × E) interaction (Yates and Cochran, 1938) ; simple linear regression (Eberhart and Russell, 1966) ; bisegmented regression (Silva and Barreto, 1986) ; modified bi-segmented regression (Cruz et al., 1989) ; and non-parametric methodologies (Lin and Binns, 1988) ; Lin and Binns modified by Carneiro (1998) . In Brazil, different adaptability and stability methodologies have been adopted in cowpea (Freire et al., 2001 (Freire et al., , 2002 (Freire et al., , 2003 Rocha et al., 2007; Barros et al., 2013) . The most suitable method for the evaluation and interpretation of results depends mainly on the number of environments assessed, accuracy of data, type of data desired, simplicity of the analysis and simplicity of the interpretation of the results (Cruz et al., 2004) . Another aspect that should be considered is the relationship among the methodologies assessed, as it is possible to identify the methodology that best meets the demands of a given improvement program.
Studies on other legumes have been conducted aiming to compare methodologies that evaluate the yield adaptability and stability, for example, the assessment of the common bean (Phaseolus vulgaris L.) by Pereira et al. (2009) . However, there are few studies comparing yield stability and adaptability methodologies in cowpea (Aremu et al., 2007; Almeida et al., 2012) . Therefore, the aim of the present study was to assess grain yield adaptability and stability of a group of blackeyed cowpea genotypes cultivated under rainfed agriculture in Brazil.
In addition, this study aimed to perform a comparative study among several methodologies to identify the most suitable methodology for the study of adaptability and stability of cowpea as well as to subsidize the release and/or recommendation of blackeyed cowpea cultivars for agribusiness in Northern, Northeastern and Central/Western Brazil. (Table 1) . Plantings were performed during the same period of commercial cowpea cultivation in each area. Randomized complete block experiments were performed with 20 treatments and four replications. The experimental plots (1.6 × 5.0 m) were similar in all experiments with a 0.5-m spacing between rows and a 0.125-m spacing between pits within rows. The useful plot area comprised the two central rows where data collection for dry grain yield was performed. For statistical analysis, it was assumed that the combination of year and location represented an environment. Thus, although the assays were conducted in five locations, there were seven experimental environments because in two locations, the assays were conducted for two years. Data were subjected to individual analysis of variance for each environment, and a subsequent joint analysis of the environments was performed after assessing the homogeneity of residual variances, through the Bartlett's test. The Scott-Knott test at 5% probability was used for comparison of means. The evaluation of genotype adaptability and stability was performed using the following methods: traditional method (Yates and Cochran, 1938) ; the method of Eberhart and Russell (1966) ; the method of Cruz et al. (1989) ; and the method of Lin and Binns as modified by Carneiro (1998) . A comparative study of the methodologies used was conducted to evaluate the existence of a relationship among them. The parameters estimated by the four methods were used to estimate Spearman´s rank correlation coefficient, which was applied to the rank-order of genotypes obtained in each method. The adaptability and stability order was defined based on its own concepts and in the number of parameters of each method. Therefore, the genotypes were ranked from 1 to 20 with 1 representing the genotypes exhibiting higher adaptability and stability and 20 representing the less adapted and stable genotypes. The exception to this ranking method included cases where two or more genotypes exhibited equal parameters. In the present study, we adopted the procedure reported by Pereira et al. (2009) . Thus, in the traditional method (Yates and Cochran, 1938) , which uses a single parameter of stability, the rank-order was attributed based on the environment mean square within the genotype (MSE/G). As for the Eberhart and Russell (1966) and deviation of the regression of genotype "i" in environment "j", respectively. For the   parameter, the difference between the parameter value and unit was used. This difference and the ij  parameter were ranked in an increasing order, and then the rankorder numbers of these two parameters were averaged allowing the rank-order number for the correlation study to be obtained. For the Cruz et al. (1989) methodology, the same ranking procedure adopted by Eberhart and Russell (1966) Pereira et al. (2009) suggested a ranking where the mean yield is added as a parameter for the correlation analysis. Thus, a second ranking was also obtained in the Eberhart and Russell (1966) and Cruz et al. (1989) methods taking account simultaneously the ranking based on mean yield. All analyses were performed using SAS (Sas Institute, 2002) and Genes (Cruz, 2006) statistical packages.
MATERIALS AND METHODS

Twenty cowpea genotypes comprising lines of the
RESULTS AND DISCUSSION
In this study, the results indicated significant difference among blocks in only two environments, thereby indicating that the experimental areas were fairly uniform. However, genotypes effect showed significant differences in all environments, thereby indicating a genetic variability for yield among genotypes ( Table 2 ). The Bartlett's test, which evaluate if the residual variances are homogenous, allowed the joint analysis of the assays in the present study. The residual coefficients of variation ranged from 12.75 to 27.41% indicating a satisfactory experimental accuracy. The joint variance analysis showed significant differences (P<0.01) for the effects of environments, genotypes and the genotype × environment interaction. The magnitude of environment effect (89.23%) was higher than the genotype effect (7.83%), which itself was higher than the G × E interaction (2.94%). This result indicated a large difference among environments resulting in differences among environmental means and, consequently, in the genotype yields. Akande (2007) , Rocha et al. (2007) and Sarvamangala et al. (2010) found similar results in cowpea studies for the effect of genotypes, environments and the G × E interaction. The joint analysis showed a residual coefficient of variation of 17.05% indicating good experimental accuracy (Table 3 ). Significant differences among genotypes were found in six assays. The evaluation of the yield behavior of genotypes in different environments showed that the yield ranged from 759.19 (for the Poços de Caldas-MG cultivar in the Balsas location) to 2695.00 kg ha -1 (for the MNC04-783B-7-3 line in the Primavera do Leste location) in 2008. In 2007, significant differences were found only among genotypes in the Augusto Corrêa location, especially for (Table 4 ). The grain yields of the lines mentioned earlier in the present study were greater than the mean grain yield of cowpea cultivars released in Northern, Northeastern, and Central/Western Brazil regions with average yields of 1100.50, 1083.00, and 1265.20 kg ha -1 , respectively (Freire et al., 2012) . The traditional method identified MNC05-832B-230-2-3 and California Blackeye-3 genotypes as the most stable among the groups assessed, but they exhibited low yield (Table 5 ). These data confirmed the assumption of Cruz et al. (2004) , who assumed that genotypes with regular behavior [that is, low MS (G/E) ] in a range of environments are generally not productive. The adaptability and stability analysis through linear regression (Eberhart and Russell, 1966) , excluding parameter of mean yield, indicated that the California Blackeye-5 and California Blackeye-3 cultivars as well as the UCR-2-1 and MNC04-789B-2-3 lines were the best genotypes. Although, they did not have the best grain yields, the aforementioned genotypes exceeded the overall mean of the assays and showed a highly predictable behavior ( ij  = 0) and wide adaptability (   = 1). Freire et al. (2001 Freire et al. ( , 2002 , Santos et al. (2008) and Yousaf and Sarwar (2008) found similar results with cowpea. These authors found that the best-adapted and stable genotypes in most of the cases are not the most productive genotypes but that they achieve an above average yield. Using the method proposed by Cruz et al. (1989) , only the MNC05-832B-230-2-3 line, MNC05-832B-230-2-1 line and California Blackeye-3 cultivar of the genotypes assessed showed a   estimate lower than 1 (P < 0.05) indicating that these genotypes were adapted to less favorable environments. As for the   +    parameter, only the MNC04-783B-7-3 and MNC04-789B-119 lines showed results significantly greater than 1 (   +    ≠1), which indicated that they were adapted to more favorable environments and responsive to environmental improvement. As for the ij  parameter, all genotypes, except for the MNC05-832B-230-2-1 line, showed a deviation of the regression equal to zero ( ij  = 0), which indicated that they were classified as stable in both favorable and unfavorable environments. Based on these results, the best genotype (that is, the one that features a high mean value,   < 1,   +    > 1 and ij  = 0) was not found among the genotypes evaluated. According to the Lin and Binns (1988) method modified by Carneiro (1998) , the best genotype was the MNC04-783B-7-3 line because it obtained the lowest estimate of the overall i P parameter, the second lowest estimate for favorable environments, the lowest estimate for unfavorable environments, and the highest overall mean for yield, which indicated general adaptation and high predictability. In studies with cowpea, Adewale et al. (2010) and Shiringani and Shimelis (2011) found similar results regarding the i P parameter, thereby confirming that the most adapted and stable genotypes are always related to high yields. According to Cruz and Carneiro (2006) and Pereira et al. (2009) , a great advantage of the Lin and Binns (1988) method is the immediate identification of the most stable genotypes due to the uniqueness of the i P parameter, but this method shows only one parameter estimate for the general recommendation of cultivars. However, the modification of the method proposed by Carneiro (1998) enables an estimation of i P for favorable and unfavorable environments conferring more robustness to the method. In the assessment of relative efficiency of methodologies using Spearman's correlation, we found that nine of the 21 correlations estimated were significant. Therefore, it can be inferred that at a greater or lesser efficiency level, the methods used assessed the adaptability and stability of the genotypes and that there was a certain level of (Yates and Cochran, 1939) , Eberhart and Russell method (1966) , Cruz et al. (1989) association among them (Table 6 ). The ranking of genotype yields showed the highest correlations with the rankings of the parameters obtained from the Cruz et al. (1989) method, the Cruz mean method, and Lin and Binns method modified by Carneiro (1988) . This result showed that the genotypes identified as the most stable and adapted through these methods were also the most productive. Conversely, the Eberhart and Russell (1966) and traditional methods showed no significant correlation with yield indicating that the genotypes considered the most stable and adapted according to these methods were not the most productive. The Lin and Binns method modified by Carneiro (1988) showed median correlation (0.69) with method of Cruz et al. (1989) . Conversely, the Lin and Binns method modified by Carneiro (1988) and the Cruz et al. (1989) method showed no significant correlation with the traditional and Eberhart and Russell (1966) methods. The results may be explained by the fact that traditional and Eberhart and Russell (1966) methods assess the adaptability and stability through the minimum variance between environments. Therefore, the Lin and Binns method modified by Carneiro (1988) and the Cruz et al. (1989) methods were the most efficient in the estimation of adaptability and stability of genotypes compared to the traditional and Eberhart and Russell (1966) methods. Pereira et al. (2009) and Almeida et al. (2012) found similar results for the correlation between the Lin and Binns method modified by Carneiro (1988) and the Eberhart and Russell (1966) method.
Conclusion
The MNC04-783B-7-3, MNC04-786B-87-2, MNC04-789B-119, and MNC04-785B-77 lines stood out with high yields, high yield adaptability, and high yield stability, and these lines have the potential to be released for cultivation in Northern, Northeastern and Central/Western Brazil. The Lin and Binns method modified by Carneiro (1988) and the Cruz et al. (1989) method were the most efficient to estimate yield adaptability and stability of the genotypes. The Lin and Binns method modified by Carneiro (1988) and the Cruz et al. (1989) method should not be used concurrently in Eberhart and Russell (1966) , Cruz et al. (1989) , (3) Lin and Binns modified by Carneiro (1998) , (4) Eberhart and Russell (1966) and Cruz et al. (1989) using the mean as one of the parameters. **, * significant at 1 and 5% probability, respectively, according to the t-test. the evaluation of adaptability and stability of cowpea genotypes.
